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(54) THIN STEEL SHEET FOR DEEP DRAWING HAVING NONAGING PROPERTY 

(57)Abstract: 

PURPOSE: To produce a thin steel sheet for deep drawing having nonaging properties by 
incorporating specified amounts of Mn and P into dead soft steel, subjecting this steel slab to 
hot rolling, immediately executing rapid cooling, thereafter subjecting it to cold rolling and 
successively executing continuous annealing. 

CONSTITUTION: A dead soft steel slab contg., by weight, 0.0001 to 0.0015% C, <1.2% Si, 0.2 to 
3% Mn, 0.0010 to 0.15% P (in this case, Mn%+20 x P%>0.3%), 0.0010 to 0.020% S, 0.005 to 0.15% Al, 
0.0001 to 0.0080% N and 0.0001 to 0.0020% B is heated and is subjected to hot rolling, and the 
hot rolling is finished at the Ar3 transformation point or above. Within O.Ssec immediately after 
that, rapidly cooling is executed to refine the crystalline grains in the hot rolled sheet, and it is 
coiled round a coil in the temp, range of 600 to 750° C. Next, this hot rolled sheet is subjected 
to cold rolling at >60% rolling ratio to regulate its thickness into a final one, and after that, 
continuous annealing is executed in the temp, range of 600 to 900° C. The thin steel sheet 
having nonaging properties and excellent in deep drawability can be obtd. without adding 
expensive elements such as Ti, Nb or the like. 



http://www19.ipdl.inpit.go.jp/PA1/result/detail/main/wAAAWHai9QDA406212354... 2009/08/14 



(19)B*H«IWr (J P) (12) ffl igf 5^ ^ (A) (ll)«attlia&M#* 

#^¥6 -212354 

(43)&MB ¥j£ 6^(1994) 8.3 2 B 



(51)IntCl. 8 




F I 


IX r I'J •**C<J ' IBJ 1 


C 2 2 C 38/00 


3 0 1 S 






C 2 1 D 8/04 


A 7412— 4K 






9/48 


E 






C 2 2 C 38/06 














St5j&I<7)&2 OL 7 JD 


(21)diIB#^ 


#fB*F5-7817 




000006655 










(22)tBffiB 


TJffi 5^0993) 1^20 B 




m^aJ^iBBE^BT 2TI6f3§- 






(72)^^ 


mm mfF 








^mS»rtJtfS20- 1 $fB*K$ffc£ 
























T^JlS^mSfB20- 1 grB#SgJglfe£ 














(74)f<S3A 





(57) Qgft] 

[gift] #58Uii4, ^^S&1£^0ffl^SM5*5«fc 
3lc«, C*§:0. 0 00 1*^0. 00 1 5%feWi 

&lt, (i) wk^7.Y&miL u) mmm&m 

»\ ( 3 ) SS&fiiAW, * if© * U y h tf& 

9> $feJft«jSiiflD««k:fe»^sj»S*t.o. 



(2) 

1 

H] 

C : 0. 0 0 0 1—0. 0 0 1 5%. 

S i : 1. 2%U(T> 

Mn : 0. 2 — 3%> 

P : 0. 0 0 1 0~0. 1 5 %^ 

froM n + 20P^0. 3s 

S : 0. 0 0 1 0-0. 0 2 0%, 

A 1 : 0. 0 0 5~0. 1 5%, 

N : 0. 000 1~0. 00 8 0%, 10 
B : 0. 000 1-0. 0 0 2 0 %> ^SPtfF e43<fc 

B^O. 5 s -WFtyc 5 0 °C/ s SSUKD^ffiSLStV 7 5 0 
"ClXTSTlUSL 6 0 0-7 5 0 'CT*^ 0, 60 %&L 
±OEBg*"^?&HffiE*fTi/\ 6 0 0 — 9-0 0 

[IgB^iDWia^i^BJ] . 20 

[0 0 0 1] 

*fcf Z n * v**f&i\:Z n ^ y *ftH*JSLfcaifi5a 
[0 002] 

(c, n) fc3fi^3i#fl!>ffisfMi*jr5,, mmimz® 

St^JSE-TST i*5<fctfNb©?-B4>&< 
W2H*£Cfc«J;<&lBtrr</^5o cnB©SA^@?g 
rcsSf©ifcfcL&</^! (IFI: Interstitia 
1 Free Steel)li> S^-f^DXtt^ffc 

j»-pa«>Tfi»4ftiitt*wr*wiR*^*c *Btc, 

Ti^Nb «D»ft]ttf|*ft: U**-^ffifiK**Z>*HHIff 40 

[0 0 0 3] il-fcs «(SK*ft©fcai)0*ffi«ia3X 

h fcftl*.l8JfilB& Ti^Nb <DWito)*'£gf?&rctbtcM 
Ji3Xh#K<0< »Zlfc % Ti^Nb^i 



t&ffltf- 6-2 1 2 3 5 4 

2 

i*fi:|fett8!in*iee:-ri:«/^rajB*«**o firte, P££ 
<*trW5fifi'*«cK:fev^rttc©rajB3WHaft"rs 0 s 

rate, Kft#j^«[Ri©3si^T i jpNbtfmaznrcm 

[0 0 0 4] I F*©C0«fc5ftlSI£*#gW-3BW 

nmm5 9-8 0 7 2 7^^ #mbb6 0-1031 

2 9^&$fc 1 - 1 8 4 2 5 1 . 

±&<Dt&B%3\t&Cin i^Nb*2©7t**SailH2: 
3\ C*#0. 0 0 1 5 %&Tf<D&W*'Stsn:mmfi85 

zzfzoMmft&ttfflTjii'ftx^&o l**u cm& 

0. 0 0 l 5%&TF<DW&£is:&t, IMIEESfiOiSill 

p q p«© r ffiHSffi^RMtc tfrfrfe B -fti L Z&ltt 
3. Wfcffl&GffilfrB 4 5fi©r<Itf{flrFf 3 0 

So 

[0 0 0 5] COSrfcftBaStettLT* #HPF 1-18 
8 6 ZBWjkn, #P»I¥ 1 - 1 8 8 6 2 9 C 
M#0. 0 0 1 0 — 0. 0 0 3 0%<QM1SMMm*ttMt 

icfmmm<Di$mmte <t 5 i&&«© r mtt&mtz 

[0 0 0 6] 

BSE L£?tTz> mmi a t i 

[0 00 7] 

*liiitt{k^a^fcot^rtW!f*iiP*fcts^ 1) m 

n, PfeAtFBO»iP3yja*We*5s ^tMn + 2 0 
P^0. 3T' ; ?-CD^m^H.'>Cils 2) C«^0. 0 
0.1 5%JWT©*Ki3^'»Ta, »BIJE5EtS7» 0 . 5S> 

5 oic/s &±(D}$immx'%i®?z ^ bjc 

[0 0 0 8] c©J:d4ff»lMt»^^T«| 

d)sa%-e, c : o. oooi—o. 0015%, 

S 1 : 1. 2%IXT, Mn : 0. 2 — 3%> P : 0. 0 
0 10-0. 1 5%. iOMn + 2 0 P^0. 3, S : 



V 



(3) 

3 

0. 0 0 1 0 — 0. 0 2 0%, Al : 0. 005 — 0. 
15%, N : 0. 0 0 0 1—0. 008 0%, B : 0. 
0 0 0 1-0. 00 2 0%, gJ»#F e *5<fct£FnfiSW 

(2) (l) tC«©fb*«»J:54*X7^*l!yBE 

5 s ttrtfc 50Vs fiLtOJWBW - ? 7 5 0 WTS 
T'M^L6 0 0 — 7 5 0°C"e#Kt), 6 0%JK±©E5i 
^•e^E®*fTl\ ZtDWtC 6 0 0-9 0 0°CT*jiM 

CO 0 0 9] JKT, *«Wtov^TSIffltBiiH-r«, 
C : Ctt, «fl©**RWtt*tti&f*S»T^a7c* 
T-feSo C*#U:fB©0. 00 1 5%®£&£i:, fctt 
*HRaT?*l^!ft*«fi!T?tft<4S©-ex ±H£0. 0 

0 1 5%£f &o -73, C»#0. 00 0 1 %*}jf£& 

fetfoT, TP1«0. 00 0 1 ,%^-T^o ffSKtt, 

0. 00 0 5 — 0. 0 0 1 0%©S5B#«fcV\> S i : S 20 

fctt, 0. 0 5%J!X±jfe()ll , r*i:«fcV\ U»U 1. 2 

%jB it a £ £ fb««yitt©ffiT ^ * v *14©ffiT& if 

©P^M^DSOT*, Si<D±PS£lr 2%i:-T-5o M. 
#fi, 0. 0 5%firFTMtt\, 
[0010]Mn, P, B : M n, P, Btt*Jl^fc 

iDkolcCMtfO. 0 0 15 % JMT©jBSfiK*«©S» 

0 . 2 %, P ^ 0 . 0 0 10%, froM n + 2 0 P ^ 30 
0. 3, B:0. 0001—0. 0 0 2 0 %©iBB£?^ 

ftrr<sc£#&aT?sao £fc, Mn, pa, si^ra 
E®^p©fijn^i55±-r§fsfijfe^fo 0 m n <rm&mh\ 

3%mt&Ztr mttiBTFt 5 ©"?, ^©±H(i 3 % i: 
•T^o 8c7*c, POjfebDStf 0. 15%@l£&3i;, $R9 
EEft^~#otaI1££&{l:£-e3©T?, *©±ffi*o. 

1 5%£"f 3o Bf±, 0.000 1 %Ji(±©^AnT«iK 
{t<0$h$k1$1bZ>t>\ 0. 0 0 2 0%ig£&3i:i£tc rl 

msTFLtcK), x^zrwinzmzmz LtcQt s©t% 40 

ZO±miZ0. 0020%fct5o jUfffi, Mn : 0. 
2— 1 . 0%, P : 0. 1 0%£CF, B : 0. 0 0 0 2 
-0. 00 10%T'±K cn6©fffflt4S^WP* 

tfimLtcQs a3Kott©jas«wiw*nsfe©!:«ai 

[0 0 1 1] S : Slttffil>S?^$UV^ 0. 0 

o i%*»cftstsii3xh^±#-r5©T% o. o 

0 1 OfcfcTHffifcf*. -73, 0. 020%Sfc&3 
fcMnS^»^<«ffHUftHtt*^5flrr*©^ 0. 0 50 



1 2 3 5 4 

4 

2 0%*±ffifi-fc"rSo A 1 : A 1 ttjKBHS&fctfN 
©HS©fc«>tffiffl , r*^ 0. 0 0 5 %**St?ttS!S£ 

LTcn&©ffffl»**#'Sci:^fflJfti:ft*. -73, 

0. l%jBfcft*t3Xh±#%ja<o LfctfoT, 
0. 00 5-0. 1 5%£-rs 0 *?3&fcN©@S*ttfr 

0. 04 — 0. 1 2%#fcF$Ll\, N:N 

LfrU 0. oooi%*j*fc"f 

■5&C«#Lt^3Xh±^£Jg<©-Z?, 0. 000 1 %* 
TffiMlC? 3o —73, 0. 0 0 8 0 %j8fc&-5 t>tt'f> 
A 1 ^N£W!ttZC£ffW&£1tQm9&b<Dm.B£& 
SHjSN*^a#UfeO; A 1 N©#^tflf;!fllL7c9 LT 

intrtt^^tra. Lfc^-pT, o. 00 8 0%£N» 

©±IHIi:"f 3. ®#fi0 . 0 0 3 0 %JKW»S L 

[0012] ^fc, «i^feft©issai6*is^So 

#&c, f»wEig«©iefla[g*iiiittffc-f *-feftt, 

V7 5o*cwT* - eiH ! prso a»w»©i*w^ nana 
&3fc#>, o. 5mjrFt?& 0 &ity~iNmBt&* 5 

0°C/s *-Xft 7 htt©j«*. y-» 

a £tB$©illlttffc«ir*©afeJ\ SI6«©7x^-rh)S©' 
figg, ^©31*fc±»)7x5'rMfcS*«IIIKfc'rsc4: 
WRTt^&S/ctf), 5 0°C/s fTSo S^t, fl&NJ 
ff@Lfcn-r;Wi, 6 0 OtfrS 7 5 0 "CETRDiHST* 

#£®3o «*«f»)iafi*«7 5 6 , cjafcasi:. 717 

^©fi^73[RlT*«g*^i^-i:aS©-e, 7 5 0°C*± 
PS® <fc -T ^ o -7?, 6 0 0 °C*it fc^^i: SBfflBBEfi-p 
OA 1 N©«ftH*^+^fc«:S©^ Sy n D D«<D*qXl4^ 

*{t-rs©T?, 6 0 o°c*TPS<ii:-r-So 

[0 0 13] WKfiES : a»©*ff^«fc< , gp a D«© r 

KE5tt©jSJ^5«, 7 0-9 5%3^»$L^o 

: ^ H s B ^M©^i6©jKiiEMSJi, 6 0 0-9 
0 0°C£?Zo MffiU&tf6 0 0°C*SlT'{i, g&Att 

t 1 1 ftiitt** ioi±-r § *\ 900 °cm~f im 

W^tt^gWfi* itfilSBSaBaB^ >v^«(c^tj-S 
fe©T***»6, ?»iaHEffl©*ft5t*, 

y 4 y \c x 5 mmz-SiSo < L 
T, *»Wt4«fS3Bi:«f»lM»c»^'»rif!?fi*nfefe© 

»ftni-r t *> , #u8»tt -est* 9 ttfc*nfe»ai«*^ 



(4) 



6-2 1 2 3 5 4 



CO 0 1 4] 

QfcKM] 
^S£0Jl 

SIA-Pttv C*£0. 00 0 4%i6^0. 0.03 0%$ 
T'$Eit2-&fc 0 —15, SIB^(i, MnKO. 10%^ 
6 1. 2 0%, P&£0. 0 0 5%fr6 0. 0 6%© 

Ltzo ?&t>*>, X^iPS&gfil 1 5 0°C, ft±tfia 10 

s 9 1 o tt±ir& o . 2 fc 8 o °c/ s ©^ai 

jlgT'&aiU 7 1 0°Ct:-#t?iofco 4. 0 

0. 8mm©)£j£«£.U ^"TStaSteSS 1 5°C/s, 
^8 0 0°Cx5 0s, 2 0 °C/ s <D>Sfmg6 

£Lfc 0 £6fc, 0. 8 %©£E~PP©iSf£E3§£.U §1 

ata&fcBLfco 3i«tiii?5[jttt, j i s 2 2 4 item 

*S^6SSl 1 0mm<D-77y?*tt?>m%s Ot^T? 

0mmO^"e*-;^U Cftfc«*<Dia*20 



5 0 °CUT<Dmtt&!&t hfco 
[0 0 1 5] ai2fctfg2fr6IJfi&frfcJ:5K^ T i^ 
N b & HfcWlHW fc£CM# 0 . 0 0 15 %JKTfc 
1 0 0°C- 1 h r «fi9»ffoS«Jtf (YP-E 1) 
f}\ 0. 2 %WTfcfc9#£^#l$»0 
3 0 $fc, raa*»6W5^a«k3k:, C»#£)0. 0 0 
0 7 %<DffiM{gJ%Mffilc^ Mn^O. 2%, P^O. 0 

o i o %, m n + 2 o p ^ o . 3 **i£u mmmm.- 

[0 0 16] 

can 



tea 






it 






m 










Na 


C 


Si 


Mn 


p 


s 


Al 


N 


B 


tti+20P 




Al 


a 0064 


0.01 


0.20 


0.035 


0.008 


0.045 


a 0012 


0.0002 


a9 




A2 


0.0008 


a oi 


0.20 




a 008 


a 045 


a 0012 


0.0005 


0.9 


IS 

m 
m 


A3 


0.0017 


0.01 


a 20 


a 085 


0.008 


a 045 


a 0012 


0.0002 


0.9 


A4 


a 0030 


0.01 


0.20 


a 035 


0.008 


0.045 


a 0012 


0.0005 


0.9 


it 






















m 


Bl 


a 0006 


0.01 


a io 


a 005 


a 008 


a 045 


a ooi2 


0.0002 


0.2 


B2 


a ooot 


0.01 


a25 


a 015 


0.008 


0.045 


a ooi2 


a 0002 


0.55 


m 


B3 


a 0006 


0.04 


0.65 


a oio 


0.008 


0.045 


a 0012 


a 0002 


0.85 


B4 


a 0007 


a oi 


0.25 


a 060 


0.008 


0.045 


a 0012 


0.0005 


145 


B5 


a 0008 


a 08 


L20 


a 040 


0.008 


0.045 


a 0012 


0.0004 


ZOO 





[0 0 17] 



(5) 



WrHPF 6-2 1 2 3 5 4 



8 



Nq 


YP 1 TS 
(kgf/nni 2 ) 


T-El 
CD 


r 




YP-El 
CO 


CCD 


* 


Al 


17 


32 


47 


1.8 


1.5 


0 


-75 




A2 


18 


33 


46 


1.8 


1.5 


0 


-80 




A3 


1 o 
JO 


34 


45 


1.9 


1.6 


0 


-95 




A4 


20 


35 


44 


2.1 


1.8 


0.7 


-120 





Bl 


13 


27 


58 


1.4 


1.1 


0 


-95 




B2 


14 


29 


51 




1.4 


0 


-90 




B3 


16 


31 


50 


1.9 


1.6 


0 


-85 




B4 


19 


36 


45 


2.1 


1.8 


0 


-95 




B5 


22 


38 


43 


2.0 


1.7 


0 


-90 





[oo i si mmiz 

urn- 1 2 0 0 °C, tk±lf 'US. ■ 9 3 o °c, tt±im<D 

ft® : mffiE.M{k±im 0 . 3 W&lc 1 0 0 °C/ s T- 7 
4 0°C$T'i^ai, #*5i»?fi J g : 6 8 0°C) , *&WB0g' 

(jETm : 8 o %) , mwtmmm&fti % (mmimmu 

m ■ 8 2 0°C; jgBSffilS&ot : 4 6 0°C <»A 1 m 
S.O. 11%), ^ftiM : 5 2 0°Cx 2 0 s) , St 
*ffl£. (0. 8%) t^Lfco SIffllilttfffitt,- HWJ 

ftOPFttfc t&SiftKD F e gjS^PJ^Lfco 
[0 0 1 91 CCT\ #>ot&if1£{i, 180* 3 



20* 7°*g*bfc©-5, cMftt'LTf-yicftflfei 

i — mu±, 2 — PM^, 3 — mm'K 4 — m 
mm. 5 — i>jit&& 

30 £?t?£3 0 
[0 0 2 01 

K3l 



$8 

Na 


¥ m. j& (wt%) 


til 
% 


c 


Si 




P 


s 


Al 


N 


B 


Mi+2QP 


1 


a 0007 


0.02 


0.10 


a 005 


0.008 


a 050 


a 0013 


0.0002 


02 . 


it 

m 


2 


a 0004 


a 03 


0.65 


a 01 


0.008 


a 080 


a 0025 


a 0003 


0.85 


m 


3 


a 0009 


a 02 


0.80 


a 06 


0.007 


0.100 


a 0018 


a 0007 


2.0 


4 


0.0020 


0.02 


0.80 


a 08 


0.007 


0.040 


a 0018 




2.4 


it 
0 



4 



[00 2 1] 



(6) 

* * [§4] 
4 



6-212354 



10 



J&C3J 

Na 


yp l TS 

Qtgf/mn 2 ) 


T-El 

J. J-/ J. 

(%) 


1 


1 40 


YP— F 1 

OHO 


CO 




<DFejg 
^ CD 


wS 

% 


1 


13 


27 


57 


1.6 


1.2 


0 


-110 


5 


• 12 


it 
IS 


2 


18 


32 


48 


18 


1.5 


0 


-100 


5 


10 




3 


22 


38 


43 


1.8 


1.5 


0 


-80 


5 


8 




4 


23 


39 


42 


1.8 


1.6 


ai 


-10 


5 


6 


it 



co o 2 2] ^agfi»i3 20* <o<o%, mmm z t±<mm<Dm\m?s?Tco n&m 

HSfti&oSNfefl^ »itonMt#7 8 0°C, jgUffi [0 0 2 3] 

Si&ot&gfcU 6 OXT'SS. IS REE (0. 8%) * [^5] 

5 



YP 
(kgf/ 


1 TS 
nn s ) 


T-El 
CD 


r 




YP-E 1 
CD 


CO 






21 


37 


44 


2.0 


1.7 


0 


-90 





[oo2 4] mmm4 



5o 7 8 0"C-4 0 s£>ji£S&l& 33<fcD*0. 8©EET 



w<vffi&Mci3^r%mEMMT'& o . 5 mjLmc 5 0 
°c/ s vL±<DmpmmT* 750 ^cwroiass 

[0 0 2 5] 
[*6] 



(7) #^¥6-2 1 2 3 5 4 

11 12 

m 6 



jurt 

sst 

Na 


m m j£ m # 




_ 


SRT 

CO 


FT 

CO 


t 

(s) 


CR 

CC/s) 


CT 

CO 


r 


r«s 


2 


1150 


910 


0.1 


100 


730 


1.8 


1.5 




1150 


910 


0.3 


20 


730 


1.5 


1.2 


Jt & 


1150 


910 


0.7 


100 


730 


1.4 


1.1 


it K 


3 


1150 


960 


0.2 


100 


730 


1.8 


1.5 


' r \ *\Jursi 


1150 


960 


0.4 


20 


730 


1.5 


1.1 


it m 


1150 


960 


0.7 


100 


730 


1.5 


1.2 


it m 



srt : x^^mmm ,• ft : ittifmm ; t : tttim<mmmM 
cr m®m ■. ct : &i&mr>wt 



coo2 6i § 0 c<D£oic, *mmt. fcmmt&Mthmmcfr 



